Productivity performance in Korean manufacturing industries by Jhang, Kwang-soo
Retrospective Theses and Dissertations Iowa State University Capstones, Theses andDissertations
1996




Follow this and additional works at: https://lib.dr.iastate.edu/rtd
Part of the Economics Commons
This Thesis is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University Digital
Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University Digital
Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Jhang, Kwang-soo, "Productivity performance in Korean manufacturing industries" (1996). Retrospective Theses and Dissertations.
16623.
https://lib.dr.iastate.edu/rtd/16623







A thesis submitted to the graduate faculty 
in partial fulfillment of the requirements for the degree of 
MASTER OF SCIENCE 
Department: Economics 
Major: Economics 
Major Professor: Lilyan E. Fulginiti 





Iowa State University 
This is to certify that the Master's thesis of 
K wang-soo Jhang 
has met the thesis requirement oflowa State University 
Signatures have been redacted for privacy 
Ill 
TABLE OF CONTENTS 
CHAPTER I. INTRODUCTION 
CHAPTER II . THEORETICAL BACKGROUND OF PRODUCTIVITY 
MEASUREMENT 5 
CHAPTER III. THE MALMQUIST PRODUCTIVITY INDEX AND ITS 
DECOMPOSITION 10 
CHAPTER IV. DATA AND CHARACTERISTICS OF KOREAN 
MANUFACTURJNG INDUSTRY 19 
CHAPTER V. EMPIRICAL RESULTS AND INTERPRETATIONS 27 
CHAPTER VI. CONCLUSIONS 41 
APPENDIX A. INDUSTRIAL SECTOR CLASSIFICATION 43 
APPENDIX B. MALMQUIST INDEX BY SECTOR IN KOREAN 
MANUFACTURING INDUSTRY (CRS TECHNOLOGY) 44 
APPENDIX C. GENERALIZED MALMQUIST INDEX BY SECTOR IN 
KOREAN MANUFACTURING INDUSTRY 
(VRS TECHNOLOGY) 60 
APPENDIXD. DATA 78 
APPENDIX E. MODELS AND DATA OF OTHER STUDIES RELATED 
TO TFP FOR KOREAN MANUFACTURING INDUSTRY 93 
APPENDIX F. GAMS PROGRAM USED FOR CALCULATION OF THE 
MALMQUIST INDEX 100 
REFERENCES 104 
CHAPTER I. INTRODUCTION 
During the past three decades, the Korean economy has rapidly grown, attracting 
attention worldwide. Considering Korea 's limited natural resources and small domestic 
market, this is a remarkable achievement. The Korean government has adopted an outward-
looking development strategy that emphasized the growth of exports since the 1960s. The 
government also adopted a promotion strategy favoring heavy and chemical industries in the 
1970s. Thanks to these strategies, manufacturing has played a leading role for the rapid 
Korean economic growth. On the other hand, these strong government interventions have 
brought side effects on the Korean economy such as inefficiency in allocation of resources, 
and inequity in wealth distribution, etc. 1 
Over the 1970-90 period, the average annual rate of increase in the manufacturing 
industry was 13 .6 %, greatly exceeding 8.7% of total GDP annual growth rate during the 
same period (see Table 1.1 ). Its share of total GDP largely increased from 21 .2% in 1970 to 
over 30% in the middle of the 1980s but slightly decreased at the end of the 1980s. The high 
growth of Korean manufacturing industry can be analyzed in terms of changes in the scale of 
economy and productivity change of inputs. When productivity is improving, the value of the 
economy's output is going up faster than the costs of the resources. Thus productivity 
growth is often cited as one of the major factors contributing to the continued economic 
growth of a country or an industry. 
1 
Lee ( 1995) showed that the excessive protection measures. such as nontariff barriers and tariff rates, 
had strong negative effects on labor productivity and total productivity growth in the Korean 
manufacturing sector, and government industrial polices. such as subsidized credit and ta.x incentives, 
were not correlated with growth rate of total factor productivity in the promoted industries. 
2 
Table 1.1. Composition of GDP (at current prices, in percent) 
1970 1975 1980 1985 1990 1970-90" 
Agriculture, Fishery and Forestry 26.7 25.0 14.9 12.8 9.0 2.0 
Mining 1.3 1.4 1.3 1.0 0.5 1.7 
Manufacturing 21.2 26. l 29.7 30.3 28.9 13.6 
Electricity, Gas and Water 1.5 1.2 2.0 2.8 2.1 16.6 
Construction 5.0 4.8 8.4 7.7 13.2 11.l 
Transport and Communication 6.7 5.9 7.6 7.6 7.0 l l.8 
Wholesale and Retail Trade 15.8 17.0 12.7 12.2 10.9 8.6 
Finance, Insurance S Real Estate 8.2 6.6 11.0 11.8 14.5 10.5 
Other services and Government 13.0 11.5 12.8 13.9 14.4 5.4 
GDP 100.0 100.0 100.0 100.0 100.0 8.7 
Sources: The Bank of Korea, National Accounts, each year 
a. Annual growth rate ( 1985 constant prices, in percent) 
Productivity compares output to the factors needed to produce the output. 
Productivity can be expressed in two ways; output can be gauged either against all the input 
factors that go to produce it (TFP, total factor productivity) or against a single input factor 
(partial factor productivity). From the point of view of economic analysis TFP (frequently 
also known as multi-factor productivity) is more useful concept than partial factor 
productivity. TFP increases if there is improvement in the overall process through improved 
technology or management practice that leads to more efficient use of existing resources. 
However, an increase in partial factor productivity can also be the result of substitution effects 
not necessarily accompanied by increases in overall productivity (TFP).2 
2 
For example, an increase in labor productivity can result from the replacement of labor by capital; in this 
case a fall in the productivity of the substituting factor, capital, is the counterpa rt to the productivity 
increase showing up for the factor that is replaced. 
3 
There are two approaches to TFP measurement. One is to consider change in technical 
efficiency3 and technical change which is called the frontier approach. The other is to ignore 
efficiency and only to consider technical change. In thjs case the observed output is the 
maximum possible output. This is called the nonfrontier approach. The latter approach 
considers productivity growth and technical progress as synonymous. It does not permit the 
distinction between technical change and changes in efficiency with which known technology 
is applied to production. However, the distinction between the two is important because they 
are fundamentally different sources of output growth and different policies may be required to 
address each of them. So there is an important weakness in this approach. Recent studies 
have taken more interest in the frontier approach. 
Productivity in Korean manufacturing industry has been analyzed in numerous studies 
such as Kwon ( 1986), Dollar and Sokoloff (1990), Cho ( 1991 ), Moon, Cho, Whang and Kim 
(1991), Pyo (1993), Lee (1995) and Park and Kwon (1995) etc. They use the nonfrontier 
approach. 
The objective of this study is to show the contribution of productivity change to output 
growth of 28 Korean manufact uring sectors and to identify the sources of productivity change 
by decomposing the measured growth in TFP into technology change and efficiency change. 
This study is the first to apply the recently developed Malmquist productivity index, which is 
3 
Change in efficiency is elq>lained to be the change in how fa r an observation is from the frontiers of 
technology and technical change is explained to be shifts in the production front iers. Koopmans 
(195 1) provided a formal definition of technical efficiency; a producer is technically efficient if an 
increase in any output requires a reduction in at least one other output or an increase in at least one 
input, and if a reduction in any input requires an increase in at least one other input or a reduction 
in at least one output. Farrell ( 1957) defined technical efficiency as the maximal proportional 
contraction of inputs and also indicated that under constant returns to scale technical efficiency may 
be interpreted as the percentage by which output could be increased using the same inputs. 
4 
a nonparametric frontier approach, to calculate the productivity growth in each sector of 
manufacturing. 
The paper is organized as follows: Chapter II provides a theoretical background of 
productivity measurement, this is followed by a discussion of the Malmquist productivity 
index and its decomposition in Chapter Ill, Chapter IV introduces data used in the study and 
characteristics of Korean manufacturing industry, the next chapter analyzes manufacturing 
productivity performances which are measured by means of the Malmquist index, and the 
concluding remarks are made in the last chapter. 
5 
CHAPTER ll . THE THEORETICAL BACKGROUND OF PRODUCTIVITY 
:MEASUREMENT 
The change in productivity over time can be measured as total factor productivity 
(TFP) growth. Prior to defining TFP, we assume that for period t, the production set S 
models the transformation of inputs x 1 E R: into output y' E R+ 
S = {(x1 ,y') : x 1 can produce/} (II. I) 
(i .e. the technology consists of the set all feasible input/output vectors). If we assume 
disembodied Hicks neutral technical change, 4 the production function at t can be written as 
y1 = A(t)j(x1) . (II.2) 
The structure of technology j( · ) does not change over time; nevertheless, the production 
function may shift between t and t+ 1 through the parameter A. 
As before mentioned, TFP for t is defined as the ratio of output produced to total input 
used at t as 
y 
TFP(t) = - -
1 
= A(t) 
f <x ) 
(Il.3) 
and similarly for S+1, / +1 and TFP(t+ 1 ). Then TFP growth may be defined as the change in 
TFP between periods t and t+ 1 as 
4 
Following Hicks (1932), technical change is Hicks neutral if the ratio of marginal products remains 
unchanged for any given input mix. 
6 
A(t + 1) 
= A(t) 
(II.4) 
· f · d ( l l ) d ( I+ I !+ I ) h Suppose that two observations o mput an output, x , y an x , y , w ere 
both input and output are scalar, are on the frontier or boundary of S and S+1, respectively, 
that is technically efficient in the sense of Farrell (1957) . In this case, equation II.4 becomes 
TFP(t+I)ffFP(t) = (/+1 I /)/(x1+1 I x 1), which is a very simple index number form ofTFP. In 
this special case, productivity growth and technical change (the shift in the production 
frontier) are identical. 
This TFP index in equation II .4 can be restated in terms of percentage changes as 
A(t + 1) - A(t) 
A(t) 
= 
I + I I 
y ·Y 
y 





which looks like a discrete form of the growth accounting approach6 to TFP measurement 
associated with Solow (1957). Thus TFP growth may be considered as change in output net 
of change in input usage (equation Il .5), or equivalently as the shift in the technology between 
t and t+l, that is, A(t+l)/A(t) (equation II.4). More generally, technical change and 
5 IL corresponds lo the following definition by Jorgenson and Griliches (1967) : 
The rate of growth of TFP is the difference between the rate of growth of real product and the rate 
of growth of reaJ factor input. 
6 In the standard growth accounting model, productivity growth can be defined as the residual growth in 
output not accounted for by growth in inputs as following formula: 
A y N x 
- = - - L sn(--1!.) where dots refer to time derivatives, and s,, is input n 's share of total cost. 
A y H=I xn 
It is associated with Solow (1957), Denison ( 1972), and Kendrick ( 1961 ). 
7 
productivity growth are synonymous in the special case when production is technically 
efficient. 
Next, assume that input and output bundles are below the boundary of technology in 
both period t and t+ I . In this case, there is a discrepancy between observed output and 
maximum potential output in each period, so 
y' < A(t)j{x1) (II.6) 
and similarly for y•+•. In order to account for that discrepancy, it is necessary to correct for 
the technical inefficiency through the output distance function . Following Shepard ( 1970) or 
Fare ( 1988) the output distance function is defined at t as 
o :cx' ,y')=inf{B : (x',y' !B) E S} . (II. 7) 
This function is equal to the reciprocal of the Farrell (1957) output-based measure of technical 
efficiency. It completely characterizes the technology. In particular, note that o : (x
1
, y') ~ 1 
if and only if (x' ,y
1
) E S. In addition, o : (x
1
, y') = I if and only if (x' , y') is on the 
boundary or frontier of the technology. 
Let the distance function relate to the production function as 
I I I I 
D0 (x ,y) = inf{ 8 : y 18 ~ A(t)Jtx1) } 
I 
= y (II.8) 
A(t)/ ex'> . 
Thus maximum potential output in year t is equal to 
1 






If we continue to define TFP as the ratio of output to input usage, then 
I 
TFP(t) = ~ 
f <x > 
I I I 
= A(t) Do(x •Y) 
and similarly for TFP(t+l). TFP growth becomes 
TFP(t + I ) y' ·' I f <x 1.\ 
= 
TFP(t) y ' / j ex '> 
r• I i<I 1+1 
A(t+l)D0 (x ,y) 
A(t) n:<x' ,y') 
(11.10) 
(11.11) 
It shows that TFP growth is a composite of the shift in the production frontier, A(t+ l )/ A(t) 
and the change in efficiency between t and t+ 1 as captured in the distance function terms. It is 
equivalent to the Malmquist-type productivity index to be introduced in next chapter. It can 
be interpreted as TFP growth can no longer be identical with technical change unless there is 
no technical inefficiency or unless technical efficiency does not change over time. That is, if 
t•I t ... I t+I t t I 
Do (x ,y )=n
0
(x ,y) ~ 1, then equation II.11 equals to equation 11.4. However, the 
standard growth accounting model and index number approaches including the Tomqvist 
index., 7 which are called the traditional approaches to productivity measurement, typically 
7 
The Tomqvist index (Tl) is called to be exact if the technology in equation 11.2 is of the translog fonn, 
9 
ignore the technical inefficiency. Moreover, they assume no allocative inefficiency, that is, 
input prices which use input shares to aggregate inputs are correct. Thus even if there is no 
technical inefficiency, or no change in technical efficiency, they may yield biased estimates of 
TFP growth if the input prices do not represent cost-minimizing shares, that is, if aJlocative 
inefficiency exists. This suggests that shadow prices should be used when aggregating, or 
alternative measurements which do not require price info rmation, such as the Malmquist 
index, should be employed. 
and it is also called a superlative index si nce the Lranslog production function is flexible that is it is a 
second-order approximation to any arbitrary twice continuously differentiable (linearly homoge~eous) 
production function. TI is defined as the following function: In TI = lny1+1 - ln/ - £.: [Sn(t+ l ) + 
n= l2 
l+ I I 
Sn(t)] (In x. - Jn x.) where Sn is n input ' s share of total costs. 
10 
CHAPTER ill. THE MALMQUIST PRODUCTIVITY INDEX AND ITS 
DECOtvfPOSITION 
The Malmquist index8 was introduced by Caves, Christensen and Diewert (CCD) 
(1982), and uses the ratio of two distance functions to implement measurement of 
productivity change. For the analysis of productivity change, Malmquist indexes can be used 
to construct ratios of input or output functions.9 
Malmquist indexes have a number of merits as Grifell-Tatje and Lovell ( 1994) have 
indicated. They do not require input or output prices in their construction, which makes them 
particularly useful in situations in which prices are distorted or non-existent. They also do not 
require a behavioral assumption such as cost minimization or profit maximization, which 
makes them favorable in situations where producer' s objectives differ, or are unknown or are 
unachieved. They are easily computable, as Fare, Grosskopf, Lindgren and Roos (FGLR) 
(I 989) have demonstrated. Under certain circumstances they can be related to the superlative 
Tomqvist (1936) and Fisher (1922) ideal quantity indexes, as CCD (1982)10 and Fare and 
Grosskopf ( 1992) 11 have shown. 
A more attractive feature of the Malmquist productivity index is that it can be 
decomposed. Nishimizu and Page (1982) mentioned that the Malmquist index can be 
8 
The index was named after Malmquist (1953) who had proposed a quantity index for use in 
consumption analysis as ratios of distance function. 
9 
The input distance function is defined similar to equation II. 7: 
t t I l l I t I t l I 
D, (X ' y ) = sup{ (J : ( x /0, y E S}. Under constam returns to scale, D o<X 'y ) = ( D, (X ' y ) r'. 
'
0 
The conditions include technical efficiency, allocative efficiency. that the underlying technology must 
be translog, and that all second-order terms must be identical over Lime. 
11 
They show that under constant returns to scale and profit maximization, the input based Malmquist 
productivity index equals the quotient of input- and output-based Fisher indexes. 
1 I 
expressed as the product of an index of technical change and an index of technical efficiency 
change. Later FGLR ( 1989) showed that the geometric mean of adjacent period Malmquist 
productivity indexes can also be expressed as the product of an index of technical change and 
an index of efficiency change. FGLR (1992) proposed that the index of efficiency change can 
be decomposed into the product of a pure efficiency change component and a scale efficiency 
change component12 . Recently it was shown that an index of technical change can be 
decomposed into a pure magnitude index, an output bias index, and an input bias index by 
Fa re, Grifell-Tatje, Grosskopf and Lovell (1995). The value of each of these decompositions 
is that they provide insight into the sources of productivity change. In this paper these 
methods of decomposition will be applied to analyze productivity change in 28 Korean 
manufacturing sectors. 
Following CCD (1982), the Malmquist productivity index can be expressed through 
two output distance functions which are defined at previous chapter as 
t 1 .. 1 t + I 
Mi = Do(x ,y ) 
t I I 
Do(x ,y) 
(lll.1) 
In this formulation, the reference technology is S . Alternatively, a period t+ 1 based on the 
Malmquist index can be defined as 
,.,.I ( t+I t+ I) 
Do x ,y = t•I c l . 
Do (x •Y) 
(lll.2) 
12 
Fare, Grosskopf and Lovell (1994) showed that efficiency change can be expressed as the product of a 
pure efficiency change componcnL a scale efficiency change component and acongestion change 
component. 
12 
This reference technology is S+1• Relative to those technolog ies, each M is the ratio of the 
efficiency of (x1• 1, y' .. 1) to the efficiency of (x' , y'). Although o: (x ' , y') ~ 1 at equation Ill. I, 
it is possible that o: (x '+1 , y'•1) > 1, because period t+ 1 data may not be feasible with period t 
technology, and similarly for equation III.2, that is, possibly o~+• (x' , y') > 1. Thus M ..::. 1 
< 
depends on whether productivity change is positive, zero, or negative between periods t and 
t+ 1 from the perspective of each technology. 
In order to avoid choosing an arbitrary benchmark, the output based Malmquist 
productivity change index can be specified as the geometric mean of two indexes which is 
suggested by FGLR ( 1989) : 
[ ]
112 
t t+I t _.I t +I I ti t+t 
A.r( 1+ 1 1+ 1 1 ' ) = Do(x .Y ) Do (x ,Y ) 
JV~ X , y , x , y 
t t I I• I I I 
D0 (x ,y ) 0 0 (x .Y ) 
(III.3) 
The index with value greater than unity reveals improved productivity. Following FGLR 
( 1989), the geometric Malmquist index can be written as 
l•I ( 1•1 1• 1) 







where the ratio outside the brackets measures the change in relative efficiency (i.e., the change 
in how far observation is from maximum potential production or the production frontier) 
13 
between periods t and t+ 1, while the geometric mean of two ratios inside the brackets 
measures the shift in technology between the two periods evaluated at x1 and x1+1 (that is, 
technical change). Indexes of efficiency and technical change exceeding unity represent 
improvements in those components. 
The decomposition is illustrated in Figure 1 for constant returns to scale (CRS) 
technology, where technical advance has occurred in the sense thats c s+1• Note that (x1 , 
t) "' ( t+ l t+l) (ii+ ) h ( t+ l t+I) d b 1 "' . . y e .., , x , y e » , owever x , y oes not e ong to.., (that ts, technical progress 
has occurred). In the Figure 1, D~+i (x1+1 , / +1) =OD/OF, and o: (x1 , y') = ONOB. Thus 
y 










- ·- - - - - - - - . - -.. 
..... i ······jcx1 •. yl) 
x 
Figure I. Decomposition of the Malmquist index 
14 
the term outside the bracket in equation ID.4 equals 
OD OB 
Efficiency change= OF OA 
and the bracketed term in equation III. 4 can be expressed as 
[ ]
1/ 1 
OD/ OE OA / OB 
Technical change = 
OD/ OF OAIOC 
[ ]
112 




Fulginiti and Perrin ( 1995) showed that the efficiency change calculated under CRS 
technology can be further decomposed into pure efficiency change and scale efficiency change 
which is the change in productivity resulting from a scale change that brings the economy 
closer to, or farther away from the optimum size as identified by a variable returns to scale 
(VRS) technology as follows : 
(ill.7) 
where the ratio outside the brackets measures pure efficiency and the ratio inside the brackets 
indicates scale efficiency change. The pure efficiency change measures change in technjcal 
efficiency under YRS technology. In terms of the distances along the y-axis in Figure J 
. ODOG 
Pure efficiency change = --. 
OHOA 
(111.8) 
Scale efficiency change is the ratio of feasible output estimated for VRS technology to that 
estimated for CRS technology. The scale change portion of efficiency then measures changes 
15 
in efficiency due to a shift to or away from the point of optimum scale. It is expressed in 
Figure 1 as 
OA / OG OD / OF 





OF / OB . 
Fare, Grifell-Tatje, Grosskopf and Lovell (1995) introduced an additional 
decomposition of the technical change component as 
or, alternatively, as 
1 1tl t +l 
. Do(x •Y ) 
Technical Change= 1 ... 1 1• 1 1•1 
Do (x ,y ) 
(111.9) 
(III . IO) 
(lll.11) 
The tenn outside the brackets in equation III.10 measures the magnitude of technical change 
along a ray through period t data, and the bracketed tenn measures the bias of technical 
change between periods t and t+ 1. It is the geometric mean of the ratio of the magnitude of 
technical change along a ray through period t+ 1 data to the magnitude of technical change 
along a ray through period t data. The bias index makes no contribution to productivity 
change if the magnitude of technical change is the same when measured along the two rays. 
The contribution is positive when the magnitude of technical change measured along a ray 
through period t+ 1 data exceeds the magnitude measured along a ray through period t data, or 
16 
it is negative in the opposite case. Thus the bracketed term is called a bias of technical 
. d . 1 h 13 I change. Decomposition in equation Ill .11 can be mterprete m exact y t e same way. n 
terms of the distances along the y-axis in Figure l, the magnitude and the bias of technical 
change in equation III. 10 can be expressed respectively as 
OA / OB OC 
Magnitude change = OA / OC = OB 
(lll.12) 
[





Bias change = - - I 
OA / OB OD / OF OC OE 
(III. 13) 
and similarly for equation m. 11 , 
OD / OE OF 
Magnitude change = OD / OF = OE 
(III. 14) 
Bias change= [ OA I OB OD I OF ]112 = [ OOCB OOEF ] 112 = I . 
OAI OC OD / OE 
(III .15) 
In Figure 1, the bias change is always unity and equation III . 12 and equation III. 14 are equal 
because one input is used to produce one output under the assumption of CRS technology. In 
this study, however, despite of the CRS technology the bias change is not always unity 
because two inputs are considered. Thus the bias change is equal to an input bias change. 
In this study, the Malmquist productivity index will be decomposed into 
= MTECHCH x BIASCH x PEFFICH x SCH (fll.16) 
13 
Fare, Grifell-Tatje, Grosskopf and Lovell (1995) showed that under certain conditions the two magnitudes 
of technical change and two bias indexes in equation III.1 0 and lll.1 I are equal, and the bias index can be 
decomposed into an input bias index and an output bias index. 
17 
where TECHCH, EFFICH, MTECHCH, BIASCH, PEFFICH and SCH represent technical 
change, efficiency change, magnitude change, bias change, pure efficiency change and scale 
efficiency change respectively. 
In order to calculate the productivity of sector m between t and t+ 1 for a CRS 
technology, we need to solve four different linear-programming problems. n: (x', /), n: ... (x', 
/), n: (x1•1, y' .. 1) and n:·l (x1 .. 1, y' .. 1) . Here the output distance function is reciprocal to the 
output based Farrell measure of technical efficiency and the convex hull of observed data is 
assumed to define the technical frontier. There are m = l ,. . .,M sectors using n = 1,. . .,N 
inputs x~ 1 at each time period t = 1, ... , T. These inputs are used to produce p = 1, ... ,P 
outputs ym.• . Using i and i' to index time, then for each sector m' = 1, ... ,M, we compute 
p 
[ D~ (x"'···, ym ·'') l ' = max em· 
subject to 
M 
em' y"'·"$ .L zm.• y m.• 
p p 
m = I 
M 
Lz"~ •xm. • $ x"'·" n n 
m = I 
zm,i ~ 0 
(III. 17) 
p = l ,. .. ,P 
n = l , ... ,N 
m = J, ... ,M 
where zm.i is an intensity variable indicating at what intensity a particular activity (in this study, 
each sector is an activity) may be employed in production. When i = i' = t, the solution in 
18 
equation IIl.17 yields a distance function of n: (x'""1,ym"1). Since by construction of that 
problem all observations are feasible (that is, they are all elements of the current technology 
t+I ' t+l 't+I similarly Do ( x'" · , ym · ) :S 1. 
The other two distance functions, n: (x'""1+1, ym',l+l) and n :+I (x'""1, ym"1) , are computed 
as the solutions to equation ill.17 with i = t and i' = t+ I and with i = t+ 1 and i' = t, 
respectively. However, n : (x"'',l+l,ym',t-<I) and n :•I (x"'"1, ym'.t) need not belong to sand s+1• 
In order to measure changes in pure efficiency and scale efficiency for sector m 
between t and t+ I under YRS technology, we calculate two distance functions, n: (x\ /)VRs 
and D~+t (x1+ 1, y' ... 1)VRs by adding following restriction to equation III.17: 
m = l 
19 
CHAPTER IV. DATA AND CHARACTERISTICS OF KOREAN 
MANUFACTURING INDUSTRY 
Prior to measuring productivity, we should know the data used in this study and the 
characteristics of Korean manufacturing industry in order to interpret the results 
appropriately. Manufacturing industry is classified into 28 sectors according to old KSIC 
(Korea Standard Industry Classification). 14 The period to analyze is from 1970 to 1990. 
One output and two inputs are used for each sector in the study. Output is real value-
added, that is, GDP at 1985 constant prices, which is estimated by the Bank of Korea. The 
rate of growth of real value-added for each sector is reported in Table IV.1. GDP in the total 
manufacturing industry grew more slowly 11. 9 % in the 1980s in contrast to 15. 5% in the 
1970s per annum, but it showed a relatively high growth rate, 13 .6%, during two decades . In 
particular, GDP annual growth rates in sectors of Iron and steel, Non-ferrous metal, 
Machinery, Electrical, electronic machinery and appliances, Transportation equipment and 
Medical, photographic and optical equipment were more than 20% during the same periods. 
However, four of them (except for Machinery and Transportation equipment sectors) showed 
a slowdown in the 1980s. Sectors of Wearing apparel, Footwear, Industrial chemicals and 
Rubber products which had rapidly grown in the 1970s showed a slowdown in the 1980s. 
Since the second half of the 1980s, Machinery, Electrical, electronic machinery and appliances 
and Transportation equipment sectors have reached high growth rates (over or nearly 20% 
14 
The new KSIC was introduced by Economic Planning Board in 1991 . but all time series since 1970 
were not arranged on the basis of the new KSIC. So the data in Lhe version of the old KSIC are used. 
20 
per annum), but Food, Tobaccos, Textiles, Wearing apparel , Wood and cork products and 
Pottery, china and earthenware sectors have realized low growth rates (below 5% per annum). 
Table IV.1 also shows GDP growth rate oflight industries and heavy and chemical 
industries as defined by the government (see Appendix A). Heavy and chemical industries 
Table IV.1. GDP growth rates by sector (at 1985 constant prices, in percent) 
Sectors 1971- 1981- 1981- 1986- 1971-
80 90 85 90 90 
ml. Food 9.5 6.6 8.6 4.7 8.1 
ml. Beverage 11.5 9.2 4.9 13.6 10.3 
mJ . Tobaccos 10.5 5.2 5.6 4.7 7.8 
m4. Textiles 14.4 6.1 7.4 4.8 10.2 
m5. Wearing apparel 19.9 3.2 1.7 4.7 11.2 
m6. Leather, leather substitutes and fur products 16.9 11 .8 16.9 7.0 14.3 
m7 . Footwear 25.7 2.5 -0.8 5.9 13.5 
m8. Wood and cork products 7.7 5.6 6.2 5.0 6.6 
m9. Furniture and fixtures 11.3 14.6 17.2 12.2 13.0 
m!O Paper and paper products 13.9 16.0 14.9 17.2 15.0 
m 11. Printing and publishing 12.2 10.2 14.5 6.1 11.2 
ml2. Industrialchemicals 21.9 10.5 7.8 13. l 16.1 
m13 . Other chemicals 16.7 14.8 14.5 15. 1 15.7 
m 14. Petroleum refineries 11.2 6. 7 4.8 8. 7 9.0 
ml5 . Miscellaneous products of petroleum and coal 4.9 3.5 -1.8 8.9 4.2 
ml6. Rubber products 20.2 10.4 13.7 7.2 15.2 
ml7. Plastic products 19.1 15.6 16.3 14.8 17.3 
ml8. Pottery, china and eanhenware 16.6 4.8 7.9 1.8 10.6 
ml9. Glass and glass products 15.6 16. 1 16.2 16.0 15.8 
m.20. Other non-metallic mineral products 13.7 9.7 9.9 9.6 11.7 
mll. Iron and steel 29.7 11.6 14.3 9.0 20.3 
m22. Non-ferrous metal 24.9 16.1 19.6 12.6 20.4 
m13. Fabricated metal products 18.6 17.1 20.5 13.8 17.8 
m24. Machinery 17. 9 22.5 20.3 24. 7 20.2 
m25. Electrical. electronic machfoery and appliances 31.7 18.0 15.6 20.5 24. 7 
m26. Transponation equipment and goods 20.5 21.2 23 .1 19.3 20.9 
m27. Medical, photographic and optical equipment 27.9 15.7 12.6 18.9 21.6 
m28. Other manufacturif!g 11 4 10.6 13.3 8.0 11.0 
-~9-:-"fo"lal~~~iJa'Cwring ________________ l5.5--11.9--II:2-12.5-1~6-
ml. Light industries 12.7 7.2 7.3 7.2 9.9 
mh. Heavy and chemical industries 18.7 14.8 14.2 15.4 16.8 
Source: The Bank of Korea, National Accounts 
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which are mainly capital intensive industries have grown more rapidly than light industries 
which are mostly labor intensive industries throughout the two decades. 
Sector shares of GDP in manufacturing are reported in Table IV.2. In I 970, Text iles 
sector showed the highest share, reflecting the most important sector of manufacturing 
Table JV.2. Composition of GDP in manufacturing industry (at 1985 
constant prices, in percent) 
Sectors 1970 1980 1990 
ml. Food 12.3 8.7 7.2 
m2 . Beverage 8.8 6.1 4.5 
m3. Tobaccos 8. 1 5.5 4.0 
m4. Textiles 14.3 9.1 6.0 
m5. Wearing apparel 4. 1 6.5 3.7 
m6. Leather, leather substi tutes and fu r products 0.6 0.8 0.7 
m7. Footwear 0.3 0.9 0.5 
m8. Wood and cork products 2.9 0.9 0.7 
m9. Furniture and fix1ures 0.5 0.4 0.6 
mlO Paper and paper products 2.8 1.9 2.7 
ml I. Printing and publishing 2.4 1.9 1.7 
ml2. Industrial chemicals 4.3 6.4 4.8 
m13. Other chemicals 4.8 4.1 5. 1 
ml4. Petroleum refineries 4.5 5.7 2.0 
m15. Mjscellaneous products of petroleum and coal 1.2 0.8 0.6 
ml6. Rubber products 1.7 2.5 2.8 
ml7. Plastic products 1.5 1.9 2.5 
ml8. Pottery, china and earthenware 0.3 0.3 0.2 
ml9. Glass and glass products 1.2 0.9 I.I 
m20. 01hcr non-metallic mineral products 3.5 3.7 3.5 
m2 I. Iron and steel 1.0 6.4 6.6 
m22. Non-ferrous metal 0.3 0.9 1.2 
m23. Fabricated metal products IA 2.0 3.5 
m24 . Machinery 2.9 2.4 4.8 
m25 . Electrical, electroruc machfoery and appliances 3.7 9.6 13.0 
m26. Transportation equipment and goods 7.3 6.9 JJ.9 
m27. Medical, pholographic and oplical equipmenl 0.6 0.9 1.0 
m28. Other manufacturi~ 2.5 1.9 1.2 
-;;29~:Y:;-ta1~;;u£a~1~rins----------------100.o --100.o--100.o--
m1. Light industries 59.4 46.4 30.5 
mh. Heavy and chemical industries 40.6 53.6 69.5 
Source: The Bank of Korea. National Accounts 
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industry, but it went down to second place in 1980. It had been taken over by Electrical, 
electronic machinery and appliances sector since 1979. However, it also was replaced by 
Transportation equipment sector in 1990. During 1970-90, the shares of Textiles and Food 
sectors largely decreased, respectively , -8.3 percentage points and -5.1 percentage points, 
while the shares of Electrical, electronic machinery and appliances and Transportation 
equipment sectors greatly increased, respectively, 9.3 percentage points and 6.6 percentage 
points. It reflects that major sectors in Korean manufacturing industries have shifted from 
light industries to heavy and chemical industries during two decades. In fact, the GDP share 
of heavy and chemical industries has exceeded that of light industries since 1977, and the gap 
between two groups has become bigger. 
One of the two inputs is labor-hours worked that is adjusted for the indexes of age-sex 
and educational composition of workers. Figures on employment and hours worked are taken 
from Pyo (1993) who estimated them from Report on Wage Survey by Occupational 
Category (Ministry of Labor, various issues). Two indexes for changes in labor quality due to 
changes in age-sex distribution and improved education for each sector during 1970-89 were 
taken from Moon et al. (1991 ). The two indexes for each sector in I 990 were extended by 
using whole manufacturing industry's indexes from Pyo (1993).15 Following their estimations, 
the age-sex composition of the workforce over six categories in each sex, male and female, 
and the educational composition of the workforce over four categories were based on Report 
on Wage Survey by Occupational Category. 
15 
Pyo (1993) did not estimate two quality indexes for each sector during 1970-90, instead whole 
manufacturing industry' s indexes were used for each sector, but Moon et al. ( 1991) estimated two 
indexes of each sector from 1970 to J 989. 
23 
In Table IV.3, annual growth rates of labor input with quality by sector are presented. 
The rate of growth of the labor input in total manufacturing industry was 10.2% per annum 
during 1971-90, but it showed a slowdown in the 1980s. Electrical, electronic machinery and 
appliances, Leather, leather substitutes and fur products, Medical, photographic and optical 
Table IV.3. Growth rates of labor input by sectora (in percent) 
Sectors 1971- 198 1- 198 1- 1986- 1971-
80 90 85 90 90 
ml. Food 8.7 6.0 9.5 2.6 7.4 
ml. Beverage 3.1 2.6 1.2 .u 2.9 
m3. Tobaccos 5.8 -1.5 1.3 -4.1 2.1 
m4. Textiles 11.9 4. 1 3.3 5.0 8.0 
m5. Wearing apparel 17.1 9.4 12.5 6.4 13.2 
m6. Leather, leather substitutes and fur products 22.5 13.5 16.9 10.3 17.9 
m7. Footwear 23.8 7.6 9.5 5.7 15.4 
m8. Wood and cork products 4.0 1.3 -2 .2 4.9 2.6 
m9. Furniture and fixtures 18. 1 13.9 12.5 15.3 16.0 
m 10 Paper and paper products 2 1.0 .u 1.0 7.6 12.3 
ml 1. Printing and publishing 7. 1 9.3 10.6 8 .0 8.2 
ml2. Lndustrial chemicals 6.7 3.2 -2.0 8.6 4.9 
ml3. Other chemicals 10.9 5.7 ·U 6.6 8.2 
ml4. Petroleum refineries 5.2 1.2 --0.9 3A 3.2 
ml 5. Miscellaneous products of petroleum and coal 2.8 1.6 IA 1.7 2.2 
ml 6. Rubber products 19.9 9.0 7.2 10.9 14.3 
m 17. Plastic products 19.5 11.8 10.4 13.3 15.6 
ml8. Pottery, china and earthenware 11.9 4.9 5. 1 4.7 8.3 
rnl9. Glass and glass products 12.3 3.9 2.9 4.9 8.0 
m20. Other non-metallic mineral products 9.4 4.3 4.9 3.7 6.8 
m2 l. Iron and steel 13.3 2.2 1.7 2.7 7.6 
m22. Non-ferrous metal 17.8 3.7 3.3 4.0 10.5 
m23. Fabricated meta l products 12.2 11.3 15.1 7.6 11.8 
m24. Machinery 13..t 12.1 12.1 12.1 12.8 
m25. Electrical. electronic machinery and appliances 23 .7 12.7 11.8 13.7 18.1 
m26. Transportation equipment and goods 11. 9 7.8 10.4 5.2 9.8 
m27. Medical, photographic and optical equipment 21. 9 11.4 9.4 13.4 16.6 
_J!!~8.:..Qtl!~~~_Et~ri1!8_________ 14.2 9.6 11.2 8.0 11.9 
m29. Total manufacturin~ -------12.8--7.7--7.7--7.8-10.2-
ml. Light industries 11.6 6.4 6.9 5.9 9.0 
mh. Heavy and chemical industries 14.1 8.9 8.5 9.4 11.5 
Source: Ministry of Labor, Report on Wage Survey by Occupat1onal Category 
a. Labor-hours worked adj usted with qua lity 
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equipment, Furniture and fixtures, Plastic products and Footwear sectors showed more than a 
15% rate of growth during the period. Growth rates of labor input in all sectors except 
Printing and publishing sector were lower in the 1980s than in the 1970s due to decreases in 
employment and hours worked. In particular, Paper and paper products, Footwear, Non-
ferrous metal, Electrical, electronic machinery and appliances, Rubber products and Medical, 
photographic and optical equipment dropped more than 10 percentage points in the 1980s 
comparing to the 1970s. Throughout the whole period, heavy and chemical industries showed 
higher growth rates in labor inputs than light industries. 
The other input utilized is real capital stocks. This input is the average value of net 
capital stocks evaluated at 1985 constant prices between the current year and previous year. 
The net capital stocks at 1985 constant prices were taken from Pyo (1993). They were 
deflated by using the investment deflater by type of assets in each sector from National 
Accounts (The Bank of Korea) . Net capital stocks at current prices for each sector were 
estimated from total capital stocks by considering the rate of depreciation. Total capital 
stocks at current prices during 1970-87 were estimated in the polynomial benchmark method 
by using total assets data from National Wealth Surveys for 1977 and 1987 (Economic 
Planning Board) and investment data from National A ccoullls (The Bank of Korea) . After 
1987, the perpetual inventory method was employed. 
Growth rates of capital input by sector are reported in Table IV.4. Total 
manufacturing industry registered an average 15. 7% growth rate during 1971-90, showing a 
relatively high rate in the 1970s and a slowdown in the 1980s. However, the growth rate at 
the end of the 1980s became rather higher. During two decades, capital inputs in sectors of 
25 
Footwear, Electrical, electronic machinery and appliances, Machinery, Medical, photographic 
and optical equipment and Leather, leather substitutes and fur products recorded more than a 
20% rate of growth. In particular, Footwear sector showed the highest growth throughout 
the whole period, reflecting the most vigorous in input substitution from labor to capital. 












ml. Food 14.4 11.8 8. 1 15.5 13. 1 
m2. Beverage 11.7 12.1 8.6 15.8 11.9 
m3. Tobaccos -1.6 20. 7 21.2 20.3 9.0 
m4. Textiles 17.1 8.9 -U 13.3 12.9 
m5. Wearing apparel 20.5 9.4 5.2 13.7 14.8 
m6. Leather, leather substitutes and fur products 29.4 12. 1 8.6 15.7 20.5 
m7. Footwear 3-U 25.5 29.3 21.8 29.9 
m8. Wood and cork products 10.7 2.3 -2.0 6.7 6.4 
m9. Furniture and fh.iures 11.2 15.8 13.6 18.0 13.5 
mlO Paperandpaperproducts 16.4 11.7 8.1 15.5 14. l 
ml l. Printingandpublishing 1-U 9.3 5. 1 13.6 11.7 
m12. Industrial chemicals 10.7 l 1.1 7.2 15.0 10.9 
ml3. Other chemicals 2 1A 15.0 12.5 17.6 18.2 
ml4. Petroleum refineries l-U 9.7 5.5 14.0 12.0 
ml5. Miscellaneous products of petroleum and coal 6.2 9.5 5.3 13.9 7.9 
ml6. Rubber products 18.6 8.9 4.7 13.3 13.6 
m17. Plastic products 26 .. 5 13.5 10.4 16.7 19.8 
ml8. Pottery. china and earthenware H .2 11.9 8.3 15.6 17.9 
m1 9. Glass andglassproducts 27.1 11.2 7.4 15.1 18.9 
m20. Other non-metallic mineral products 14.6 15. 1 12.6 17.6 14.8 
m2 l. Iron and steel 29.7 7.7 3.3 12.3 18.2 
m22. Non-ferrous metal 24.2 11.0 7. 1 14.9 17.4 
m23 . Fabricated metal products 23 .6 12.6 9.2 16. 1 18.0 
m24 . Machinery 29.3 15.3 12.9 17.7 22.l 
m25. Electrical, electronic machinery and appliances 33. 9 19.3 18.8 19. 7 26.4 
m26. Transportation equipment and goods 24.4 14.5 11.7 17.3 19.3 
m27. Medical, photographic and optical equipment 22.6 18.4 17.5 19.3 20.5 
m28. Other manufacturiJ!g 21.7 12.0 8 4 15 7 16 8 
-~29~Tmal~~;;~~~ring ________________ 19.2--12.3--- s:-&--15:9--1t:;-
mJ. Light industries 15.6 10.6 6.7 14.7 13. l 
mh. Heavyandchemicalindustries 21.5 13.0 9.7 16.3 17.1 
Sources: Economic Planning Board, National Wealth Survevs 
The Bank of Korea, National Accounts · 
a. Utilized real capital stocks 
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Over the twenty years, capital input for heavy and chemical industries has also been higher 
than that for light industries. 
In Figure 2, growth rates of output and two inputs in total manufacturing industry are 
presented since 1971 . It shows that real value-added and the labor input have almost the same 
trends, reflecting a high sensitivity of the labor input to economic activities. The labor input 
has also declined during a recession in 1980, 1985 and 1989, but it has increased during a 
recovery in 1976 and 1986. It also shows that capital input has fluctuated with a time lag. 
However, it is interesting that growth rates of output and labor input have declined and 










-JO I-+- Output --Labor -.-Capital J 
Figure 2. Growth rates of output and inputs in total manufacturing industry 
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CHAPTER V. EMPIRICAL RESULTS AND INTERPRETATIONS 
Productjvity growth for each sector is estimated in terms of the Malmquist productivity 
index by using one output and two inputs for each sector as shown in Chapter IV over the 
J 970-90 period. To measure the productivity for each sector output distance functions, 
introduced in Chapter Ill, are calculated. Only one aggregate output for each sector is 
considered, thus the output distance function becomes equivalent to a production function. In 
this study, six distance functions, by solving the linear programming problem of equation 
ill. 17, are calculated for each successive pair of years. A total of 3 3 60 linear programming 
problems were solved under CRS and YRS technologies. These output distance functions are 
used to measure the Malmquist productivity index, the pure efficiency change index, the scale 
efficiency change index, the magrutude change index and the bias change index by using 
equations IH.4, Ill. 7 and ill.10. 
Even though all sectors are presumed to share a common technology set, the rate of 
technical change for each sector can differ because each sector is located near or on the 
technology frontier and the frontier may not shift uniformly. The rate of efficiency change for 
each sector may also differ due to changing policies, management conditions, market 
incentives, etc. 
Since the basic component of the Malmquist productivity index is related to measures 
of technical efficiency, it is useful to consider the measures of Farrell efficiency ( 11 n: (x1 , /)). 
The results of measuring Farrell efficiency under CRS technology are reported in Table V.1. 
Values of unity indicate that the sector is on the production frontier in the associated year. 
28 
Values exceeding unity indicate that the sector is below the frontier or technically inefficient. 
Sectors of Tobaccos and Petroleum refineries consistently showed Farrell efficiency, implying 
that those two sectors are the sectors determining the frontier in their own areas of input 
space under CRS technology. Tobaccos sector used capital input the most intensively per unit 
of output, and Petroleum sector used labor input the most intensively per unit of output 
among the 28 sectors. Iron and steel sector was the least technically efficient sector in the 
Table V.1. Farrell efficiency under CRS in selected years, by sector 
1970 1975 1980 1985 1989 
ml. Food 2.468 6.017 8.41 3 5.947 4.598 
m2. Beverage 1.489 2A33 3.113 2.889 1.594 
m3. Tobaccos l.000 l.000 1.000 1.000 1.000 
m4. Textiles 7.797 11.920 27.090 13.750 9.444 
m5 . Wearing apparel 1.21 5 2.086 4.080 2.442 1.685 
m6. Leather, leather substitutes and fur products 1.732 3.193 13.460 5.337 3.549 
m7. Footwear 1.704 2.2 18 10.640 20.170 20.060 
m8. Wood and cork products 6.964 12.690 29.140 9.826 5.33 1 
m9. Furniture and fixtures 3.037 7.435 9.584 4. 139 2.507 
m I 0 Paper a nd paper products 5.747 11.620 20.690 8A47 3.968 
ml I. Printing and publishing 4. 156 9.233 12.990 5. 179 3.65 1 
ml2. Industrial chemicals 14. 160 7. 162 6.148 4.856 5.572 
ml3. Other chemicals 2.600 4. 905 8.420 5.65 1 3.396 
ml4. Petroleum refineries 1.000 1.000 1.000 l.000 1.000 
m 15. Miscellaneous products of petrolewn and coal 2.305 4.182 8.283 5.903 3.737 
m 16. Rubber products 4.513 7.244 12.530 4.177 2.892 
m 17. Plastic products l .947 6.197 l l.370 4.408 2.378 
ml8. Ponery. china and earthenware 2.568 10.600 15.280 7.852 6.225 
ml9. Glass and glass products 2. 11 7 6.940 16.450 5.920 2.848 
m20. Other non-metallic mineral products 8.655 8.909 12.900 12.160 12.410 
m21 . Iron and steel 17.150 12.420 12.120 7.623 7.69 1 
m22. Non-ferrous metal 13.900 17.910 22.050 12.080 6.894 
m23. Fabricated metal products 5.435 12.260 23.540 8.063 4.481 
m24. Machinery 5.923 11.770 24.140 17.390 7. 105 
m25. Electrical, electronic machinery and appliances 4.486 7.289 14.230 9.742 4.757 
m26. Transportation equipment and goods 5.626 8.751 12.960 7.623 4.006 
m27. Medical, photographic and optical equipment 3.709 3.540 7.698 4.80 1 2.564 
m28. Other manufacturing 1.504 4.595 11.550 4.658 2.895 
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in the beginning of the 1970s, but Footwear sector took over this ranking by the end of the 
1980s, reflecting the most dramatic regression in effi ciency during two decades. On the other 
hand, sectors oflndustrial chemicals and Iron and steel were the most improved in efficiency 
during the same period. 
The Malmquist index and its components of each sector over the entire 1971-90 time 
period are presented in Table V.2. Recall that if the Malmquist index or any components are 
Table V.2. Malmquist index and its components (1971-90) 
Sectors MALM TECHCH ArTECHCH BlASCH EFFICH PEFFlCH SCH 
ml 0.98 18 1.0157 1.0262 0.9897 0.9667 0.99/.I 0.9751 
m2 1.020 1 1.0232 1.0185 1.00./6 0.9970 0.9890 1.0081 
m3 1.0186 1.0186 0.9358 1.0885 1.0000 1.0000 1.0000 
m4 0.9962 1.0094 1.0087 1.0006 0.9870 1.0152 0.9722 
m5 0.9684 0.9888 0.9888 1.0000 0.9794 0.9842 0.9951 
m6 0.9706 1.0112 1.0020 1.0092 0.9598 1.0270 0. 9345 
m7 0.8735 0.9888 0.9888 1.0000 0.8834 1.0016 0.8821 
m8 1.0069 0.9935 0.9888 1.00./8 1.0135 1.0044 1.0091 
m9 0.9953 0.9888 0.9888 1.0000 1.0066 0.9599 / .0487 
m!O 1.0223 1.0030 0.9995 1.003./ 1.0 193 0.976./ J. 0./39 
mil 1.0143 1.0075 1.0117 0.9959 1.0067 0.9866 1.0204 
m l2 1.0899 1.0341 1.037./ 0.9968 1.0540 /.0002 1.0537 
m l3 1.0209 1.0305 1.0290 1.0015 0.9907 0.9593 1.0327 
ml 4 1.0289 1.0289 0.9887 1.0406 1.0000 1.0000 1.0000 
ml 5 0.9672 0.9900 0.9901 0.9999 0.9770 0.9381 1.0./l ./ 
ml 6 l.0135 0.9888 0.98 8 1.0000 1.0250 0.982./ 1.0./3./ 
ml 7 0.9830 0.9929 1.0019 0.9909 0.9900 0.9876 1.002./ 
ml8 0.9379 0.9888 0.9 89 0.9999 0.9.i85 0.9292 1.0207 
ml 9 0.9907 1.0054 1.00./0 1.001./ 0.9854 1.0077 0.9778 
m20 l.0 197 1.0367 1.0376 0.9992 0.9836 0.9789 1.0048 
m21 1.0752 1.03 11 1.0375 0.9938 1.0427 0.96././ 1.0812 
m22 l.0-'55 1.008 1 1.0069 1.0012 1.0371 0.9792 1.0591 
m23 1.0104 1.0003 0.9933 1.0071 1.010 1 0.9612 1.0509 
m24 1.0163 1.0210 1.0201 1.0009 0.9954 0.9./71 J.05 10 
m25 1.0212 1.0237 1.0161 1.0075 0.9976 0.9270 / .0761 
m26 1.0370 1.0125 1.0/.15 0.9981 1.0242 0.9700 1.0559 
m27 1.0098 0.9888 0.988 1.0000 1.0212 /.0100 J.0111 
m28 0.95 10 0.9888 0.9 8 1.0000 0.9618 0.9890 0.9715 
--~29----~0i39---1~017o ___ /.o/o1 ___ 1~007 ___ 1~0llT--1~017T-ii.9953-
ml 0.9994 1.0095 1.0001 1.0107 0.9927 0.9950 1.00./4 
mh 1.0395 l.0162 1.0112 / .0056 1.0286 / .05./5 0.9891 
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Jess than unity, that means regression or deterioration in performance, whereas values greater 
than unity mean improvements in the relevant performance. Also recall that these 
measurements capture performance relative to best practice in all sectors, where the best 
practice represents the grand frontier across sectors. In Table V.3, productivity growth rates 
which are obtained from the measured Malmquist index are reported by period. 
Table V.3. Productivity growth rates by sector (in percent) 
ml. Food 
ml . Beverage 
m3. Tobaccos 
m4. Textiles 
m5. Wea.ring apparel 
Sectors 
m6. Leather, leather substitutes and fur products 
m7. Footwear 
m8. Wood and cork products 
m9. Furniture and fixtures 
m JO Paper a nd paper products 
m I l. Printing and publishing 
m 12. Industrial chemicals 
m 13. Other chemicals 
m 1-i. Pel!oleum refineries 
m 15. Miscellaneous products of petroleum and coal 
m 16. Rubber products 
m 17. P lastic products 
ml8. Pottery. china and earthenware 
m 19. Glass and g lass products 
m20. Other non-metallic mineral products 
m2 l . Iron and steel 
1971-80 1981-90 198 1-85 1986-90 1971 -90 
I. I -4 .7 0 .3 -9.4 -1.8 
3 .9 0 .1 1.5 -1.3 2.0 
9.6 -5A -5.6 -5. 1 1.9 
1.5 -2.2 3.4 -7.5 -0.4 
-0.6 -5.7 -3A -7.9 -3.2 
-5.J -0.7 6 .6 -7.5 -2.9 
-6.5 -l8A -23 .3 -13 .1 - 12.6 
- 1.8 3.2 8.3 -1.7 0.7 
0 .0 - 1.0 3.1 -5.0 -0.5 
-0.6 5. 1 8 . 9 1.4 2.2 
2.4 0.5 8. 1 -6.6 1.4 
13.5 4.7 7.0 2.4 9.0 
1.9 2.3 7.0 -2. l 2. 1 
2.9 2.8 3.8 1.9 2.9 
-1.0 -5.5 -6. 7 -U -3.3 
1.4 1.3 8.6 -5.4 1.4 
-5. I 1.8 5.4 -1.6 -1.7 
-6. 1 -6.3 -0.4 -11.9 -6.2 
-6.8 5.3 10.0 0 .8 -0.9 
2.6 1.3 3.3 -0.6 2.0 
7.6 7.4 I 1.8 3.2 7 .5 
m22. Non-ferrous metal 3.3 5.8 J4A -2. J 4 .6 
m23 . Fabricated metal products -1.5 3.7 9.7 -2.0 1.0 
m24. Machinery -2.8 6 .2 6 .5 6.0 J .6 
m25. Electrical , electronic machinery and appliances 3.1 1.2 1.7 0.6 2.1 
m26. Transportation equipment and goods 1.4 6.0 10.5 I. 7 3. 7 
m27. Medical, photographic and optical equipment 4 .3 -2 .3 -4.2 -0.3 J.0 
-~2~:._Q_t.!!_e!~!n_~£!.!!!i..n_g -8A -1.2 4.5 -6.7 -4 .9 -----------------------------------------m29. Total manufacturing 
ml. Light industries 

















As seen in Table V.2, the average16 Malmquist index in total manufacturing was 
1.0239 over the period 1971-90, which means an annual productivity growth rate of 2.4%. 
Average rates of technical change and efficiency change in total manufacturing were I . 7% and 
1.2% over the same period, respectively, implying that those two components contributed 
positively to the productivity growth. Three of the further decomposed components, 
magnitude change, bias change and pure efficiency change, also showed positive effects, while 
scale efficiency change negatively affected productivity growth. The pure efficiency change of 
1.0275 was the most influential component of them over the whole period. It implies that 
technical efficiency under YRS technology has improved by an annual rate of2.8%. The 
magnitude change of 1. 0 I 02 over the period means that technology in the total manufacturing 
industry has made progress by an average annual rate of 1.0%. The bias change of 1.0078 
implies that technological substitution of the two inputs, capital and labor, contributed to the 
productivity growth by 0.8% per annum. The scale efficiency change of 0.9953 indicates that 
sectors, on average, were moving farther away from optimal scale by an average annual rate 
of -0.5%. It also can be seen that heavy and chemical industries have led productivity growth 
for the manufacturing industry. 
Turning to the sector by sector results during the two decades, two frontier sectors, 
Tobaccos and Petroleum refineries, experienced improvements in productivity. This means 
that the technological frontier was shifting up. Among sectors, Industrial chemicals sector 
had the highest average productivity growth with an average annual rate of 9.0%, Iron and 
16 
Average indexes for total manufacturing, light industries and heavy and chemical industries are output-
weight means of sectors, and average indexes for each sector are geometric means. Therefore products 
of decomposed indexes are not exaclly equal to the upper level indexes in the former case. 
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steel sector ranked second with a growth rate of 7.5%, and Non-ferrous metal and 
Transportation equipment sectors followed with growth rates of 4.6% and 3.7%, respectively. 
The growth was due to improvements of technical change and efficiency change (see each 
sector's indexes in Appendix B). Whereas Footwear sector was the most regressive sector 
with an average annual rate of-12.6%. Pottery, china and earthenware sector ranked second 
with a rate of -6.2%, and Other manufacturing and Wearing apparel sectors followed with 
rates of -4.9% and -3 .2%, respectively. The regressions came from deterioration of technical 
change and inefficient technical change (see each sector' s indexes in Appendix B). 
By period, average productivity growth in the whole manufacturing industry was lower 
in the 1980s than in the 1970s due to regression at the end of the 1980s, even though it 
showed a steadfast growth rate of 4.3% per annum over 1981-85. In particular, all of the 
light industries except Paper and paper products sector recorded negative growth rates during 
1986-90. On the other hand, heavy and chemical industries had a 1.4% rate of productivity 
improvement annually during the same period, but they also experienced a slowdown in the 
period. In the 1970s, Industrial chemicals sector was the fastest growing sector and Other 
manufacturing sector was the most regressive sector. In the 1980s, sectors of Iron and steel 
and Footwear took over these positions, respectively. 
To analyze the Malmquist index and its components over 1971-90, the cumulated 
Malmquist index as well as the cumulated technical change and the cumulated efficiency 
change components are graphically presented in Figure 3 and 4. These are calculated as the 
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Figure 3 shows that technical change strongly led the productivity growth of the 
manufacturing industry until 1978, 17 but efficiency change replaced it after 1978. In the 1970s 
new technologies were rapidly incorporated due to the introduction of foreign technologies 
and capital moving into Korean manufacturing. This industry was characterized as a low slciJl 
industry in the 1970s. On the other hand techrucal efficiency, which represents catching up, 
was greatly improved in the 1980s. Figure 3 also shows that heavy and chemical industries 
have had a increasing trend in the productivity, while light industries have been almost 
stagnant throughout the 1971-90 period. 
Cumulated indexes for selected sectors which were major sectors in Korean 
manufacturing industry during the 1971-90 are presented in Figure 4. Iron and steel sector 
which was the fourth largest one of 28 manufacturing sectors in 1990 and the highest one for 
productivity growth during the two decades shows that technical change and efficiency 
change all have strongly contributed to the rapid increase in productivity since 1978. 
Machinery sector which had the highest average growth rate in productivity at the end of the 
1980s had steadily improved in technical performance until 1984, but it has abruptly dropped 
since. Instead, efficiency change has persistently improved since then. Electrical and 
electronic machinery sector which had grown with the most rapid speed since 1971 shows a 
slightly increasing trend in the Malmquist index even though the two components have greatly 
fluctuated throughout the whole period. Transportation equipment sector which had the 
largest share of the manufacturing industry in 1990 shows a constantly increasing trend in 
17 
Kwon (1986) also found that the technical change was the most contributive factor to TFP growth during 
the 1961-80 period (the technical change contributed 44 .6% to the growth ofTFP, scale economies 
38.1 o/o, changes in capital utilization rate 17.3%). 
36 
productivity even though technical change has greatly deteriorated since 1985. Textiles sector 
which was the most important sector in the 1970s has a decreasing trend in productivity 
growth after 1988. Footwear sector which had the highest growth rate in capital input shows 
a steep regression of productivity since 1977 due to simultaneous deterioration in technical 
change and efficiency change. 
As can be seen in Table V.4, productivity performance of Korean manufacturing 
industry during 1979-89 was lower than that of Taiwanese manufacturing industry estimated 
by the same approach in Fa re, Grosskopf and Lee (1995).18 This result is due to the poor 
performance of Korean manufacturing at the end of the 1980s. They found that TFP growth 
in Taiwanese manufacturing was almost totally attributed to technical progress, while 
technjcal efficiency was stable, contrary to the results of TFP growth in Korean 
manufacturing industry. We should be cautious here, however, since the two studies use 
different rrontier industries and have different classifications of the industry (Fa re et al . ( 1995) 
divided Taiwanese manufacturing industry into four groups). 
As presented above, heavy and chemical industries had higher TFP growth rate on 
average than light industries throughout the period. Then, the question is how the promotion 











Fa re, Grosskopf and Lee decomposed the Malmquist index into two components, that is, technical change 
and efficiency change. 
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strategy of heavy and chemical industries19 in the 1970s affected this pattern and contributed 
to the productivity growth of the whole manufacturing industry? In fact , the Korean 
government was deeply involved in directing investment funds to different industries in the 
process of industrialization since the 1960s. Under these government policies, massive 
amounts of capital investment were concentrated on special industries, that is, so the called 
heavy and chemical industries such as shipbuilding, automobiles, steel products and 
petrochemicals. Relatively small amounts of capital investment were allocated to light 
industries. Dollar and Sokoloff ( 1990) indicated that there was a negative relationship 
between TFP growth and the amount of capita! deepening in Korean manufacturing industries 
over the period 1963-79.20 This study also shows negative relationships between productivity 
growth measured by the Malmquist index and the rate of the capital-labor ratio as presented in 
Table V.5. In particular, this negative relationship is more evident in the 1980s than in the 
1970s. It implies that government induced capital allocation did not contribute greatly to the 
enhancement of productivity. It is noteworthy that productivity in Taiwanese manufacturing 







Heavy and chemical industries Tota l manufacturing 
-0.02 -0.16 
-0.33 -0.45 
- - - 1971-90-- --- --..0.42- - - ----- --- ---0.11--- - - - ---- - - ---:.-0.25- - --- - . 
19 In 1973 Korean government announced the Heavy and Chemical Industry Development Plan. It 
encouraged large-scale investment projects in these industries through special tax incentives, 
preferential credit allocation, etc. 
20 They showed that the correlation coefficient between industry TFP growth and the rate of growth of the 
capital-labor ratio was -0.70 over the period 1963-79. 
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has improved after the formal announcement of the economic liberaJization policy in 1984 as 
Fare, Grosskopf and Lee (1995) analyzed. The Korean economic liberalization plan has been 
implemented seriously and widely by the new government since 1993 in order to eliminate 
economic inefficiency. 
It is also of interest to investigate the relationship between TFP growth and export 
expansion. Dollar and Sokoloff ( 1990) found that there was a positive correlation, across 
sectors in Korean manufacturing, between the growth rates of exports and TFP; the 
correlation coefficient was 0.46 over the period time 1963-79. The same results can be found 
in this study; the correlation coefficient between the two was 0.59 during 1971-90. The large 
Korean trade balance surplus during 1986-89 (27. 9 billion dollars) has been explained by the 
favorable external economic circumstance of the so called "three lows" . These were a low 
vaJue of the US dollar against the Japanese yen, low international interest rates and low oil 
prices. However, it needs to be noted that productivity growth showed robust increases fTom 
1983 to 1987 at aJmost the same time as large trade surpluses were present . This 
phenomenon strongly suggests a positive relationship between export expansion and TFP 
growth. 
Of next interest is the relationship between productivity growth and price stabilization. 
Cho ( 1991) showed that TFP changes were negatively related to the GNP deflater over the 
period 1970-90. The correlation coefficients between WPI and TFP growth rates during 
1971-90 represented a negative value (-0. 11 ) in this study. In particular, it is interesting that 
the period when productivity showed the highest growth rates is consistent with the period 
39 
when prices were the most stable. This supports the notion of a positive relationship between 
productivity growth and price stabilization. 
In Table V.6, the Malmquist productivity indexes for Korean manufacturing industry 
estimated are compared with the results of other studies which are measured using 
nonfrontier approaches (see Appendix E). The Malmquist indexes have higher values than 
results from other approaches. The phenomenon is due to incorporated efficiency changes in 
this study. 
The main differences between Pyo ( 1993) and this study come from methods as well as 
data, in particular output data. In methods, he did not consider inefficiency in technology by 
employing the growth accounting approach, while this study considered it. In output data, he 
interpolated value-added at 1985 constant prices of 28 manufacturing sectors for each year by 
using value-added data of 28 manufacturing sectors for I 970, 1975, 1980 and 1985 in Input 
Output Tables (The Bank of Korea) and value-added of 9 major manufacturing sectors for 
each year deflated by WPI, while this study used value-added at 1985 constant prices of 28 
manufacturing sectors for each year. These figures have not been officially published. 
The big differences between Moon et al. ( 1991) and thi s study appear in methods and 
capital inputs. They employed the Kendrick ( 196 1) model which is a nonparametric 
nonfrontier approach, and they used capital input at current prices, while this study employed 
a nonparametric frontier approach, and it used capital input at 1985 constant prices. 
The differences among Cho ( 1991 ), Kwon ( 1986) and this study are related to not only 
the classification of manufacturing industry but also methods. The former two considered 
only total manufacturing industry, but this study considered 28 manufacturing sectors. In 
40 
methods, Cho ( 1991) used the Solow ( 195 7) model which is also a nonparametric nonfrontier 
approach, and Kwon ( 1986) employed a parametric nonfrontier approach. 
The wide differences between Park and Kwon (1995) and this study are in assumptions 
of technology and methods.21 They assumed non constant returns to scale (NCRS) 
technology, while this study assumed constant returns to scale (CRS) technology. In 
methods, they used the index number approach which is a parametric nonfrontier approach 
with a short-run generalized Leontief cost function . 
Those differences in methods, data, classifications and assumptions between this study 
and other studies yielded different results as can be seen in Table Y.6. In particular, it is 
noteworthy that Pyo ( 1993), Cho ( 1991) and this study show much lower productivity growth 
rates at the end of the 1980s than that at the beginning of the 1980s. 
Table V.6. Comparison of productivity growth ra tes in manufacturing 
industry 
Periods Pvo (1993) This stud,· Periods Moon. et al. (1991) 
1971-80 --0.38 3. 11 1972-80 1.31 
1981-90 2.51 1.67 1981-89 1.98 
198 1-85 3.66 .uo 198 1-85 1.5~ 
1986-90 1.37 0.90 1986-89 2.5~ 
1971-90 1.07 2.39 1972-89 1.55 
Periods Cho (1991) This study Park and Kwon ( 1995) 
1971-75 3.1 4.26 Periods CRS NCRS 
1976-80 -2.3 1.97 1967-73 3.5 1.3 
1981-85 5.0 4.30 1974-81 0.4. -5.2 
1986-90 2.8 0.90 1982-89 2.2 -0.8 
1971-90 2.1 2.39 
Periods Kwon ( 1986) This studv 
1973-78 4.80 4.58 












21 This study calculated the generalized Malmquist index which was developed under YRS technology by 
Grifell-Tatje and Lovell (1994) as shown in Appendix C. The results showed decreasing returns to 
scale {DRS) in the whole manufacturing industry, while Park and Kwon ( 1995) observed increasing 
returns to scale (rRS). 
41 
CHAPTER VI. CONCLUSIONS 
This study is the first to apply the Malmquist productivity index to measure productivity 
growth in Korean manufacturing industries. TFP growth in total manufacturing was 2.4% per 
annum during 1971-90. Technical change and efficiency change contributed positively to 
productivity growth. However, technical change led productivity growth until 1978, and 
efficiency change led it after 1978. This reflects technical progress in the 1970s due to foreign 
technology and capital moving into manufacturing. Three of the further decomposed 
components (magnitude change, bias change and pure efficiency change) also showed positive 
effects, while scale efficiency change negatively affected productivity growth. The pure 
efficiency change of 1.0275 was the most influential component of them over the whole 
period. It implies that technical efficiency under YRS technology has improved by an annual 
rate of 2.8%. 
Among sectors, Industrial chemicals sector had the highest average productivity 
growth with an average annual rate of 9.0%. Footwear sector was the most regressive sector 
with an annual growth rate of-12.6% over the time period 1971-90. By groups, heavy and 
chemical industries led productivity growth for manufacturing, while light industries showed a 
stagnant growth in productivity. By period, average productivity growth in the industry was 
lower in the 1980s than in the 1970s due to regression at the end of the 1980s. It showed a 
robust growth rate of 4 .3% per annum over 1981-85. 
As Dollar and Sokoloff ( 1990), this study also found a negative relationship between 
government intervention in manufacturing and TFP growth. It suggests that economic 
42 
liberalization could enhance productivity. Note that productivity in the Taiwanese 
manufacturing industry improved after economic liberalization as Fare, Grosskopf and Lee 
(1995) found. 
This study also shows that the relationship between TFP growth and export expansion 
was positive as Dollar and Sokoloff (1990) found, and the relationship between TFP and WPI 
growth rates was negative as Cho (1991) also found. 
The results presented above provide insight into the productivity performance of 
Korean manufacturing industries. However, there are still many challenging topics such as 
what are the determinants of efficiency change and of technical progress? And what are the 
sources of magnitude change, bias change, pure efficiency change and scale efficiency change? 
How will productivity growth change if materials are considered as an input? In particular, 
what has been the role of the Korean government industrial incentive programs on 
productivity performance? Will economic liberalization measures in the 1990s reverse the 
declining productivity trend shown in the late 1980s? 
43 







































































Leather, leather substitutes and fur products 
Footwear 
Wood and cork products 
Furniture and fixtures 
Paper and paper products 




Miscellaneous products of petroleum and coal 
Rubber products 
Plastic products 
Pottery, china and earthenware 
Glass and glass products 
Other non-metallic mineral products 
Iron and steel 
Non-ferrous metal 
Fabricated metal products 
Machinery 
Electrical, eleclronic machinery and appliances 
Transportation equipment and goods 
Medical, photographic and optical equipment 
Other manufacturing 
Total manufacturing industry 
Light industries (m 1-m 11 , m28) 







































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































APPENDIX C. GENERALIZED MALMQUIST INDEX BY SECTOR IN 
KOREAN MANUFACTURING INDUSTRY (VRS TECHNOLOGY) 
C-1 . The generalized Malmquist index 
The generalized Malmquist index was introduced by Grifell-Tatje and Lovell (1994). 
They developed it in order to make up for the drawback in the Malmquist index fails to 
capture the contribution of scale economies to productivity change. Following Grifell-Tatje 
and Lovell ( 1994 ), the generalized Malmquist index evaluated at period t is 
I 1+1 1.,.1 
• ( t+ l t+ l 1 ') _ Do(X ,Y ) VRS Go x ,y ,x , y -
I I I 
Do(X , y ) VRS 
I t + I I t 1+1 I 
Do(x •Y ) CRS/ Do(x ,y ) VRS 
l I I I t I 
Do(x •Y )a/ Do(x •Y ) VRS 
(A-C. l) 
where the first ratio represents the conventional Malmquist index under YRS technology, and 
the second ratio is the scale index. 
In this study, the geometric mean of the two adjacent period generalized Malmquist 
indexes was obtained as follows: 
G ( x'+1 y1+ 1 x' ') = , 1•1 
[ ]
111 
0 , ' , y GOGO 
[ ]
J/1 
D I ( t + I t +I) t +I( t +I t+I) 0 x ,y D0 x ,y = VRS V~ 
I ( I I) l·d ( I I) D 0 X ,y D 0 X , y v~ v~ 
[ ]
112 
D' ( ... 1 ') I DI ( ,.1 ') D ' .. 1( , ... , I) / , .. 1( , ... 1 ') o X ,y CRS o X ,y v~ o X , y CRS Do X ,y VRS 




I I l+I l+I I ( l+I t+I) I ( I I) = Do .. (x ,y ) YRS Do X , y VRS Do X ,y VRS 
t 1 t t + I I T I J+ I t + l I I 
D0 (x ,y ) VRS D 0 (x ,y ) VRS D0 (x ,y) VRS 
[ 
I ( 1•1 I) / I ( 1- 1 I) n ' .. 1 ( 1+1 ' ) /n1•1 ( 1• 1 I) ]
112 
D0 X ,y D0 X , y 0 X , y ,..,. 0 X ,y VRS 
CRS YRS """ (A-C.2) 
le I I) / le I I) , ... I( I I) / l•lc I I) D0 X ,y D0 X ,y D0 X ,y D0 X , y CR.S VRS CRS YRS 
where the ratio outside the brackets measures efficiency change, the ratios in the first brackets 
measure technical change, and the ratios in the second brackets measure scale economies. 
As can be seen in Appendix B and C, the calculated results of the two indexes are 
different, that is, the productivity growth rate of the whole manufacturing industry over the 
1970-90 period was positive (2.4% per annum) in the conventional Malmquist index under 
CRS technology, while it was negative (-1 . 7% per annum) in the generalized Malmquist 
index. However, the patterns of the productivity growth measured by the two indexes were 
similar in the 1980s, that is, productivity of the whole industry showed a robust growth at the 





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































APPENDIX E. MODELS AND DATA OF OTHER STUDIES RELATED TO 
TFP FOR KOREAN MANUFACTURING INDUSTRY 
E-1 . J.K. Kwon (1986) Capital utilization, economies of scale and technical change in 
the growth of total factor productivity 
o Model: TFP = -P + (1 -f:cQ) Q -Eo.· A. 
f3 : Proportionate shift in the cost function 
f:cQ: Cost/output elasticity 
EcA: Cost/capital-utilization elasticity 
Q : Proportionate change in aggregate output 
A. : Proportionate change in capital-utilization rate 
where p, ECQ and E cA are obtained from the parametric estimates of the 
translog cost function. 
o Data ( 1961 -80) - Aggregate manufacturing industry 
Output: Index of manufacturing production 
Inputs: 
Labor: Man-hours worked (EPB; Economic Planning Board) 
Capital: Kim and Yoon, 1982, Estimate of the value of capital stock in 
Korean mining and manufacturing, KDI (Korean Development 
Institute), Seoul 
Energy and Materials: Expenditures on energy and materials (EPB) 
Prices: 
Labor: Employee remuneration (EPB) 
Output, Energy and Materials: Indexes (BOK; The Bank of Korea) 
Capital: (Expected reaJ rate of interest + Rate of depreciation (7%)) x 
Price index of net capital stock 
A. : The ratio of the actual consumption of electricity (kWh) to the maximum 
possible consumption by installed electric motors 
94 
E-2. Dollar and Sokoloff (1990) Patterns of productivity growth in south Korean 
manufacturing industries, 1963-1979 




a : Elasticity of output with respect to capital (distributional share of capital) 
o Data (1961-80) - 25 manufacturing sectors 
Output: Value added (UN, Yearbook oflndustrial Statistics) 
Inputs: 
Labor: Total number of employees (UN, Yearbook oflndustrial Statistics) 
Capital: Capital stock (EPB) 
a : Estimated from translog production function 
E-3 . Cho (1991) Recent trends of productivity and causes of its change (in Korean) 
dA dQ dL dK 
o Model (Solow) : - = - - [a-+ (I -a)-] 
A Q L K 
A: TFP 
Q: Output 
L : Labor 
K: Capital 
a: labor compensation share of value-added 
o Data ( 1970-90) - Aggregate manufacturing industry 
Output: Value-added at 1985 constant prices (BOK, National 
Accounts) 
Labor: Number of employees (EPB, Economically Active Population 
Survey) x average monthly hours worked (MOL; Ministry of 
Labor, Monthly Report on Research of Labor Statistics) 
Capital: Net capital stock 
95 
1977-87: Polynomial benchmark method by using National Wealth 
Surveys for 1977 and 1987 (EPB) 
1970-76: Pyo (1988) 
1988-90: Net capital stock in previous year + total investment -
depreciation 
a: Employment compensation I Net value-added (BOK, National Accounts, 
each year) 
E-4. Moon. Cho. Whang and Kim (1991) Korea's Total Factor Productivity-27 
manufacturing sectors (in Korean) 
TFP1 P0 X1 L1 K1 } o Model (Kendrick): -- = -- I {a- + (I-a)-





a: Labor cost share of total cost 
o Data (1970-89) - 27 manufacturing sectors 
Output: Value-added at 1980 constant prices 
Labor: Number of employees (BOK, Input Output Tables and EPB, Report on 
Mining and Manufacturing Survey) x average monthly hours worked 
(MOL, Monthly Report on Research of Labor Statistics) x index of the 
age-sex composition of total man-hours (MOL, Report on Wage 
Survey by Occupational Category x index of educational composition 
of workers ( " ) 
Capital: (0. 75 x total capital stock+ 0.25 x net capital stock) x index of age 
composition of capital (estimates from National Wealth Surveys) 
- Total and net capital stock : Polynomial benchmark method by using 
benchmark estimates of capital stock from National Wealth Surveys 
for 1977 and 1987 (EPB) and investment data from Reports on 
Mining and Manufacturing Survey (EPB) 
a : Employment compensation I Net value-added (BOK, National Accounts, 
each year) 
96 
E-5. Pyo (1993) Sources of industrial growth and productivity estimates in Korea (1970-
90) (in Korean) 
. . . . 
Y A K L 
o Model· - = - + VK .- +VL·-





VK: Capital share of income 
VL: Labor share of income 
o Data (1970-90): 9 industries and 28 manufacturing sectors 
Value-added: Value-added at 1985 constant prices in 9 industries (BOK, 
National Accounts), value-added at 1985 constant prices from 
value-added at current prices deflated by using WPI (BOK) in 9 
major manufacturing sectors, value-added at 1985 constant 
prices in 28 manufacturing sectors from value-added at 1985 
constant prices in 9 major sectors interpolated by using value-
added data in Input Output Tables (BOK) value-added in 28 
manufacturing sectors for 1970, 75, 80, 85 
Labor: Number of employees x average weekly hours worked x index of the 
age-sex composition of total man-hours(Ministry of Labor, 
Report on Wage Survey by Occupational Category x index of 
educational composition of workers ( " ) 
- Number of employees in 7 industries (except agriculture and 
manufacturing) from Report on Labor Survey in Business 
Enterprise (MOL), agricultural employees from Yearbook of 
Economically Active Population Survey (EPB), manufacturing 
workers from Report on Mining and Manufacturing Survey (EPB), 
hours worked from Report on Wage Survey Occupational 
Category (MOL) except agriculture from Yearbook of 
Economically Active Population Survey (EPB) 
- In the case of two quality indexes in 28 manufacturing sectors 
average indexes of manufacturing industry are used 
Capital: Capital stock at 1985 constant prices deflated by using investment 
deflator by type of assets in each industry from National 
97 
Accounts (BOK) 
- Capital stock at current prices (1970-87) : polynomial benchmark 
method by using benchmark estimates of capital stock from National 
Wealth Surveys for 1977 and 1987 (EPB) and investment data from 
National Accounts (BOK) 
- Capital stock at current prices (1987 - ) : Perpetual inventory 
method 
Labor share of income: Shares of total employees' compensation in value-
added from National Accounts and Input Output Tables (BOK) 
Capital share of income: 1 - labor share 
E-6. Lee (1995) Government interventions and productivity growth in Korean 
manufacturing industries 
. . . . 
A Q L K 
o Model: - = - - cx.v- - ( 1- a.L)·-
A Q L K 
A: TFP 
Q: Value-added 
L : Labor 
K: Capital 
cx.L: Elasticity of output with respect to labor input 
o Data (four five-years sub-periods from 1963 to 1983) - 38 manufacturing sectors 
Value-added: Real value-added in 1980 prices from Input Output 
Table (BOK) 
Labor: Total employment data from Input Output Table (BOK) and 
average workhours by sectors 
Capital: Net capital stock from Report on Mining and Manufacturing 
Survey and National Wealth Surveys (EPB) 
Elasticity of output with respect to labor input : Share of total 
employees' compensation in value-added from Input Output 
Tables (BOK) 
98 
E-7. Park and Kwon (1995) Rapid economic growth with increasing returns to scale and 
little or no productivity growth 
• Y(t) I °"' p/t)y/ t) V1(t) 
o Model: Ev, = Y(t) - E cr(t) x ( ~ C(t) . V1(t) 
ZK (t) K(t) K(t) 
+ -- + 
C(t) K(t) 
c:, : dlnY(t) I dt, TFP 
Y: Gross output 
Z1 (t) l(t) I(t) 
C(t) I(t) ) 
E cv : Cost elasticity of output 
Vj : Variable inputs (labor, Land material, M) 
Pj : Prices of variable input 
ZK: Shadow rental price of capital stock reflecting true marginal product 
(- dGO I dK(t)) 
Z1 : Shadow valuation of adjustment cost (- dG(·) I dl(t)) 
C: Total costs 
K : Quasi-fixed capital 
I: Gross Investment 
o Data (1967-89)- 28 manufacturing sectors 
Gross output, factor inputs: Data provided by Report on Mining 
Manufacturing Survey (EPB) 
Output price, factor price: Data derived by Economic Statistics Yearbook 
and Financial Statements Analysis (BOK) and Data Base for 
Economic Statistics from EPB 
Capital stock: Actual survey book value from Industrial Census and 
Report on Mining and Manufacturing Survey for 1966, 1968 
and 1977-89 (EPB), missing periods by polynomial benchmark 
method 
Rental prices of capital: Hall and Jorgenson (1967) formula 
PK(t) = P A(t) { y(t) + D(t) - 7tc(t)} 
where PA(t): Purchase price of the asset 
y(t) : Ratio of expense to total borrowings 
6(t): Rate of depreciation 
11:c(t): Expected rate of inflation 
99 
Total costs: C [Pj(t); t; Y(t); K(t); I(t); P"(t)] 
= G [Pj(t); t; Y(t); K(t); l(t)] + PK(t) K(t) 
wherej=L, M 
JOO 
APPENDIX F. GAMS PROGRAM USED FOR CALCULATION OF THE 
MALMQUIST INDEX 
set 
j inputs I capital, labor/ 
k sectors /ml • m28/ 
t years I l 970 • 1990 I 
v variables /malmq, effchange, techch, effic 11 , effic 12/ 
Alias (k,obs); 
Alias (k,id) ; 
parameters 
x I aot inputs of obs being evaluated 
x2aot 
yaot output of obs being evaluated 
x l aott inputs of techn being evaluated 
x2aott 




x I tt(k) 
x2tt(k) 
ytt(k) 
effch efficiency change 
tc technical change 
malm malmquist index 
*statement below fetches data - capital(k,t), labor(k,t) - from 










positive variable z; 
equations 




in I a 11 first input constraint 
in2al 1 






vrs restriction for variable returns 
crs restriction for constant returns 
101 
outa 11 .. sum(k, z(k)*yt(k) ) - 111 *yaot =g=O; 
outal2 .. sum(k, z(k)*yt(k) ) - 112 *yaott =g=O; 
outa21 .. sum(k, z(k)*ytt(k) ) - 121 *yaot =g=O; 
outa22 .. sum(k, z(k)*ytt(k) ) - 122*yaott =g=O; 
inlal 1 .. sum(k, z(k)*xlt(k)) =l= xlaot; 
in2al 1 .. sum(k, z(k)*x2t(k)) =I= x2aot; 
inlal2 .. sum(k, z(k)*x I t(k) ) =I= x 1 aott; 
in2al2 .. sum(k, z(k)*x2t(k) ) =l= x2aott ; 
inla21 .. sum(k, z(k)*xl tt(k)) =I= x laot ; 
in2a21 .. sum(k, z(k)*x2tt(k) ) =I= x2aot ; 
inla22 .. sum(k, z(k)*x I tt(k) ) =l= xl aott; 
in2a22 .. sum(k, z(k)*x2tt(k)) =l= x2aott; 
vrs . . sum(k, z(k) ) =e= 1; 
crs(k) .. z(k) =g= O; 
model effl I I outa 11 , in 1a11 , in2a 1 I, crs I ; 
model effl 2 I outa 12, in 1a12, in2a 12, crs I ; 
model efl21 I outa2 l , in 1 a2 l , in2a21 , crs I ; 
model efi22 I outa22, in 1 a22, in2a22, crs I ; 
file res /crs I . res I ; 
• means /mmalm.res/ ; 
put res ; 
102 
put "TABLE RSLT(K, T, V) individual results" Ill; 
put @ 1, "", @5, "", @10, "malmq", @ 19, "effch", @28, 
"techch", @37, "efficl 1 ", @46, "efficl2", @55, 
"effic21 ", @64 "effic22" I; 
•set up outer loop over time. 
Loop(t, 
loop{k, 
xl t(k) = capital(t,k) ; 
x2t(k) = labor{t,k) ; 
yt(k) = output(t,k) ; 
x ltt(k) = capital(t+ l ,k) ; 
x2tt(k) = labor(t+ l ,k) ; 
ytt(k) = output(t+ l ,k) 
) ; 
• solve each model for each observation. 
LOOP (OBS, 
x laot = capital(t,obs) ; 
x2aot = labor(t,obs) ; 
yaot = output{t,obs) ; 
xlaott = capital(t+ l ,obs) ; 
x2aott = labor(t+ l ,obs) ; 
yaott = output(t+ I ,obs) ; 
option Ip = minos5 ; 
SOLVE EFFI I USING LP MAXIMIZING Ll I ; 
SOL VE EFF 12 USING LP MAXIMIZING L 12; 
SOL VE EFF21 USING LP MAXIMIZING L21; 
SOL VE EFF22 USING LP MAXIMIZING L22; 
effch = 111.1/122.I ; 
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tc = ((122.l/112.t)•(t21.l/II 1.1)) 0 .5$(112.l GT 0OR12 1.1GT 0); 
malm = effch•tc 
put @ l , obs.ti, @4, "." @5, t .tl, @ 10, malm:8:6, @ 19, 
effch:8:6, @28, tc:8:6, @37, 111.1:8:6, @46, 11 2 .1:8:6, @55, 
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